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I .  

I .  

Ion iza t ion  Cross Sect ions fo r  Neutral-Neutral  C o l l i s i o n s  

U t i l i z i n g  Asyometric Charge Transfer* 

A series of has  descr ibed the  measurements of i on ize  t i o n  

c r o s s  sec t ion8  0, for n e u t r a l  atoms and molecules  c o l l i d i n g  with o the r  

n e u t r a l  species at-low ene rg ie s .  The technique of ob ta in ing  the  n e u t r a l  

beam has been t h a t  of i o n i z a t i o n  in  an electron-bombardment source,  e lec-  

t r o s t a t i c  a c c e l e r a t i o n  and focusing,  and n e u t r a l i z a t i o n  of the ions by 

symmetric charge t r a n s f e r .  Essen t i a l  t o  t h i s  procedure i s  the determina- 

t i o n  of the  slow ion  c u r r e n t  formed i n  the  charge t r a n s f e r  c e l l  and the 

r e l a t i o n s h i p  of the  slow c u r r e n t  to  the n e u t r a l  beam i n t e n s i t y .  This 

determina t ion ,  and d e t a i l s  of the appa ra tus ,  a r e  descr ibed  by Utterback 

and Miller.' The n e u t r a l  i n t e n s i t y  i s  be l ieved  t o  be accu ra t e  t o  about  

207., and i o n i z a t i o n  c r o s s  sec t ions  determined i n  t h i s  fashion are  repro- 

duc ib l e  t o  10% or b e t t e r .  
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As long a s  the charge t r a n s f e r  c ros s  s e c t i o n s  a r e  s u f f i c f e n t l y  

l a rge  ( i . e .  , comparable t o  o r  g r e a t e r  than ttie s c a t t e r i n g  c r o s s  s e c t i o n ) ,  

one may expect  t o  ob ta in  a reasonably wel l -col l imated beam. Cross sec- 

t i ons6  f o r  the  near-resonant  (IAEI sO.18 eV) processes:  

2 
are  of the  order  of 5 2 
i n  the range of i n t e r e s t ,  so t h a t  f a i r l y  good co l l ima t ion  i s  achieved f o r  

E 2 40 e V .  

m e t r i c  r e a c t i o n s  imposes a l i m i t a t i o n  on abso lu te  de t e rmina t ions ,  e s p e c i a l l y  

a t lower ene rg ie s .  

a t  40 e V  and inc rease  monotonical ly  with energy 

6 
The somewhat broadened spectrum of slow ions  from these  asym- 

With the  use  of n e u t r a l  beams of N and A r  formed by these  near- 2 

resonant  processes ,  we have re-measured the i o n i z a t i o n  c r o s s  s e c t i o n s  

f o r  N2 molecules on N2 and f o r  A r  atoms on A r .  These two c a s e s  a r e  of 

p a r t i c u l a r  i n t e r e s t  because of the pronounced s t r u c t u r e  found f o r  beam 

e n e r g i e s  i n  the v i c i n i t y  of 50 t o  150 e V .  I f ,  i n  the  e a r l i e r  work, 

c o l l i s i o n s  dur ing  the symmetric charge t r a n s f e r  process  could have caused 

e x c i t a t i o n  of numerous beam p a r t i c l e s  t o  a metas tab le  e l e c t r o n i c  s t a t e ,  

then  one should expect  t h a t  the u s e  of a d i f f e r e n t  n e u t r a l i z i n g  gas  

should a f f e c t  the measured c ross  sec t ion .  I n  F igures  1 and 2 ,  the  s o l i d  

l i n e s  a r e  the i o n i z a t i o n  measurements u t i l i z i n g  symmetric charge t r a n s f e r ;  

'R C .  h e  and H. C .  Hayden, J. Chem. Phys. 42,  2011(1965). 
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the po in t s  a r e  the new c r o s s  sec t ions  obtained us ing  Reactions (1). 

is seen t h a t  for both cases  the general  s t r u c t u r e  and d e t a i l s  a r e  pre- 

It  

served. Note t h a t  the  absc i s sa  i s  the energy i n  the center-of-mass co- 

o rd ina te  system l e s s  the ion iza t ion  p o t e n t i a l .  No s ign i f i cance  can be 

a t t ached  t o  the depa r tu re  a t  very low ene rg ie s  ( l e s s  than 5 0  ev) be- 

cause of the r ap id ly  decreas ing  charge t r a n s f e r  c r o s s  s e c t i o n ,  and the 

inc reas ing  d i f f i c u l t y  of measuring beam i n t e n s i t i e s .  The s o l i d  l i n e s  

(symmetric charge t r a n s f e r )  represent  the most r e l i a b l e  measurements. 

One sees t h a t ,  over most of the curves ,  both types of measurements a r e  

i n  agreement to  wi th in  _+207.. 

I t  would be q u i t e  f o r t u i t o u s  i f  the  same metas tab le  n e u t r a l s  were 

t o  be c rea t ed  ir. the  same abundance a t  d i f f e r e n t  center-of-mass ene rg ie s .  

For example, a t  100 eV c.m. energy f o r  argon n e u t r a l s  on argon (200 eV 

beam and 84 e V  p l o t t e d  i n  Figure 2 ) ,  the  c.m. e n e r g i e s  f o r  the  charge- 

exchanging c o l l i s i o n s  a re  100 eV and 82 e V  f o r  A r  and N2 n e u t r a l i z i n g  

gases ,  r e s p e c t i v e l y .  We conclude t h a t  the  ion iza t ion  c r o s s  s e c t i o n s  f o r  

these  cases  a r e  l a r g e l y  c h a r a c t e r i s t i c  of ground-state  c o l l i s i o n s .  For 

measurements i n  which the t a r g e t  gas i s  much l i g h t e r  than the inc iden t  

n e u t r a l  p a r t i c l e ,  the  presence of any exc i t ed  n e u t r a l  beam component 

would be more r e a d i l y  observed, a s  seen f r w  center-of-mass cons ide ra t ions .  
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